The overall efficiency of a reaction engine having pri mary and secondary combustion chambers is greatly improved by reducing the primary exhaust velocity to subsonic speed. This is accomplished in a preferred embodiment by using an exhaust tube downstream of the primary nozzle. A tube diameter of about six times that of the primary throat diameter and a tube length of about five to ten times that of the tube diameter is con sidered optimum.
This invention relates to reaction engines and more particularly to ducted rockets which consist chiefly of a primary chamber containing the fuel-rich propellant and a secondary chamber for after-burning of the reac tion products from the primary chamber, which prod ucts are mixed with inducted air.
Most particularly, the present invention deals with mixing and combustion of a fuel-rich, particle laden jet in a secondary airstream in an air breathing ducted rocket, for example. In rockets of this type which are special types of ramjets, fuel-rich solid propellants hav ing high mass fractions of metals (e.g., boron) are burned in a primary chamber to produce combustion products containing unreacted gaseous and particulate fuels. The exhaust flow of the primary chamber must be supersonic. This is satisfied by any configuration of the primary nozzle that produces a supersonic flow. Said supersonic flow insures that the primary chamber pres sure is at least twice the secondary chamber pressure, which prevents secondary chamber pressure fluctua tions from effecting the primary chamber pressure. The primary chamber products are injected into a secondary chamber where they mix, ignite, and burn with a sub sonic airstream. For maximum overall efficiency these processes must be completed before the gas/particle mixture is ejected from the rocket nozzle.
A further and more complete background of the invention may be had by reference to the following. 4. Schadow, K., "Study of Gas-Phase Reactions in Particle-Laden, Ducted Flows, ' AIAAJ, Vol. 11, No. 7, July 1973, p Chamber 14 is closed at the forward end (not shown) and is equipped with a nozzle 20 at the aft end. After the nozzle 20, there is a fixed elongated tube 22 which en tends partially into the secondary chamber 24.
When the fuel grain 18 burns in chamber 14, the products of combustion exit through nozzle 20 at super sonic speeds (arrow b). Nozzle 20 may be any configu ration that does produce supersonic flow. By the time these products of combustion pass through tube 22, the speed is sufficiently diminished such that, when the gases exit from tube 22 (arrow c), the velocity is sub sonic. Further burning of the above mentioned products takes place in secondary chamber 24 and thrust is pro duced as the final products exit from the motor as shown by the arrows at d. Note that none of the usual enhanced mixing techniques are employed in the sec ondary chamber.
For optimum results, the inside diameter of tube 22
should be about six times that of the throat diameter of nozzle 20 at the narrowest part thereof and the length of the tube from the narrowest part of nozzle 20 should be from five to ten times the inside diameter of the tube. As shown by the arrows in FIG. 1 , the primary exhaust flow is parallel to the sides of the secondary chamber and parallel to the flow of ram air. This means that the only type of mixing present is caused by diffusion. Reduction of the primary exhaust velocity to sub sonic speeds (Curve B) strongly improves the efficiency of the motor as indicated in FIG. 2 . For subsonic condi tions, the efficiency was nearly independent of second ary chamber pressure (1.6 kg/cm<p <7 kg/cm). For supersonic primary exhaust (Curve A), the combustion efficiency strongly decreased with decreasing pressure. In FIG. 2 , the relative combustion efficiency (mAc2) is shown as a function of secondary chamber pressure. Relative efficiency is based on a comparison of results of tests 1-7 (high pressure) as shown in Table 1 and tests 44-57 (low pressure) in Table 2 . 
